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Summary:  As recent coalition operations have clearly demonstrated, TUAVs have become 
an increasingly vital part of a force Commander's ISTAR strategy. While TUAVs can be 
launched and recovered in relatively small cleared areas, there is still a need to assist in the 
rapid selection of suitable L&R sites. This paper presents the results of a new automated 
approach to rapidly identify these suitable L&R areas.  This system is based on the availability 
of detailed topographic information, GIS data and advanced image processing tools.  The 
results of the test case analysis around Dili, East Timor demonstrate the automated selection 
of a number of potential L&R sites based on GIS data. Use of the methodology resulted in a 
reduction of the number of potential sites from approximately 14500 down to 36. Overall the 
test analysis clearly shows that the methodology is capable of automating and considerably 
simplifying the L&R site selection process. 
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Introduction 
 
As recent military operations worldwide have clearly demonstrated, Tactical Unmanned Air 
Vehicles (TUAVs) have become an increasingly vital part of a force Commander's 
Intelligence, Surveillance, Target Acquisition and Reconnaissance (ISTAR) strategy. TUAVs 
offer the Commander a powerful and relatively persistent surveillance asset with the added 
advantage that they are difficult to detect, particularly in a low threat environment. In order to 
provide the greatest force-multiplier effect though, they must be launched and recovered from 
sites well forward with combat units and preferably close to the planned mission area. This 
allows their endurance over the target area to be maximized or allows missions of greater 
range beyond friendly controlled areas. 
 
The need to rapidly identify suitable launch and recovery (L&R) sites in often complex terrain 
is a considerable challenge. TUAV unit commanders working with fast moving forces such as 
the US Army and Marines advancing across Iraq need to be in a state of almost constant step-
up to get their TUAVs close enough to the advancing combat units to provide support. Even 
seemingly flat terrain such as the desert provides challenges for L&R with small gullies, rocky 
surfaces, soft sand, scrub and urban areas all restricting potential landing zones. The number 
of potential L&R zones is reduced further when conducting operations in mountainous or 
heavily vegetated terrain such as Afghanistan or East Timor. Here other factors such as slope, 
surrounding terrain and vegetation further limit the possible sites available.  
 
Operations in these areas can include support to rapidly advancing forces such as recently seen 
in Iraq, or support to more widely dispersed forces operating from more static positions as 
evinced by operations in Afghanistan, East Timor and the Solomon Islands. In the case of a 
rapid advance it is obviously crucial for the TUAV capability to keep up with the supported 
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forces to allow maximum loiter time over the mission area and the flexibility to move forward 
in support of leading units. L&R sites close to Forward Edge of the Battle Area (FEBA) 
provide the ability to maximize this support with the added bonus of providing inherent 
security from the proximity of the combat formations.  
 
In the more widely dispersed operations, the TUAV problem is most often one of having the 
range and speed needed to fly out to support widely dispersed units including elements such as 
Special Forces. Once at the mission site, the TUAVs loiter time on station needs to be 
maximized. A common feature of such operations is the presence of static formations 
including Headquarters (HQ) and Logistics units established around key points such as 
airheads, ports and major towns. Often the TUAV unit needs to report to these HQ units but 
provide support to the widely dispersed smaller formations or patrols. In this case the ability to 
rapidly identify suitable L&R sites, move forward to these sites to conduct the TUAV mission 
and then return to the Static base is crucial to providing maximum loiter time and hence 
support to the outlying formation or patrol. In some cases the range to support such outlying 
formations can only be achieved by TUAVs if they are deployed well forward of static bases 
to launch and recover. Security is obviously a key factor for the TUAV unit in such operations 
as well as the ability to rapidly access the L&R site. 
 
Adding to the problem is the need to consider more than just terrain. Factors such as those 
mentioned above including; site access, protection, re-supply and communications links to 
supported units for reporting, also form a significant operational constraint and will further 
restrict the number of potential L&R sites. The issue of dual use sites also falls under these 
additional constraints. As an example, while a track or road may be identified as a suitable 
L&R site given terrain, access and resupply factors, if it is being used as a Main Supply Route 
(MSR) for other forces then it is obviously inappropriate for TUAV operations. 
 
The final issue for a TUAV Commander is the requirement to physically reconnoiter the 
potential L&R sites identified to confirm their suitability. An automated method such as that 
proposed in this paper does not remove the Commander from the responsibility of physically 
checking the proposed site before commencing the planning of unit movement to the site. It 
does however significantly reduce the potential sites that need to be checked to ensure the 
location of a suitable one. This saves time by reducing the number of sites to be inspected and 
thereby allows a corresponding increase in tempo. Additionally it saves resources, as other 
scarce assets are often needed to assist or conduct the ground reconnaissance of L&R sites. 
Whether they are rotary wing assets to transport TUAV unit personnel to sites by air or escorts 
to accompany TUAV unit personnel on the ground, their availability in an operational zone is 
always limited and fuel and manpower saved in inspecting fewer potential L&R sites can be 
gainfully employed elsewhere in the operation. 
 
While these factors are an issue for military operations worldwide this paper is focused on the 
highly complex environments of South-East Asia where the Australian Defence Force (ADF) 
has recently conducted several operations in areas including the Solomon Islands, East Timor 
and Bougainville. It is anticipated the ADF will likely be called upon to conduct further 
operations, supported by TUAVs, in this region in the future. To this end, a methodology and 
capability for the TUAV Unit Commander to rapidly identify suitable TUAV L&R zones is 
highly applicable. 
 
 
 
 
AIAC Paper WC0089 
Page 3 
Factors Considered in the Study of an Automated Approach to L&R Site 
Selection  
 
Aim of the Study 
 
To develop a new, automated approach to identifying potential TUAV L&R zones using a 
combination of advanced image processing, GIS and other tools.  
 
Study Methodology 
 
The methodology followed in this study (the study?) was based on identifying the likely 
factors of greatest concern to a TUAV Commander in L&R site identification and dealing 
with them in order of perceived importance.  
 
Clearly the first concern for a TUAV Commander is the physical ability for the TUAV to 
Launch and Recover from a particular site. This drove the initial area of the study to 
examination of physical constraints pertinent to L&R. Factors examined included; 
 
· Topography - including overall slope of the site and height of the surrounding terrain in 
relation to likely TUAV climb and glide paths. An additional factor is the ability of 
Ground Data Terminals, necessary for control of the TUAV, to maintain Line of Sight 
(LOS) with the TUAV during L&R and the conduct of the mission. 
 
· Surface – The composition of the L&R surface. This includes factors such as the surface 
Root Mean Square (RMS) height of obstacles, (i.e. the size of stones or ruts on an 
unsealed road.) and the surface composition. (i.e. if the road were soft clay it would 
likely become unusable after rain.)  
 
· Obstacles – The vegetation types in and around the assessed L&R area including scrub, 
grass, trees as well as man-made obstacles such as buildings, ditches and power lines. 
 
These features are key to the initial physical suitability of a site for L&R operations and are 
contingent on the capability of the TUAV in question. While launch can often be achieved by 
means of a catapult, minimising the impact of many of these features, some TUAVs utilise 
conventional take-off, which requires greater consideration of the factors noted above. 
Recovery is a similar proposition with methods including conventional landing, parachute and 
parafoil. All these methods require the TUAV to contact the recovery site surface and 
therefore site selection needs consideration of the factors noted.  Given these likely TUAV 
constraints and the anticipated size class of TUAVs likely to be operated by the ADF in the 
future, a set of test parameters were developed and are noted in the Primary Method paragraph 
below. 
 
Additional factors of importance to the TUAV Commander are; 
 
· Access - including the proximity of the site to roads and the ability of TUAV Unit L&R 
vehicles to access the site in a timely manner. 
 
· Security – The defensibility of the L&R site taking into account integral TUAV Unit 
capabilities, proximity to other friendly units and the overall threat level or proximity to 
threat forces. 
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· Resupply – The proximity of the L&R site to roads that can be reached by re-supply 
vehicles often larger and less mobile than those in the TUAV Unit. 
 
· LOS – This is primarily concerned with the ability of the TUAV Unit to use LOS 
communications links to other units. Such links have functions including; providing 
sensor imagery data to the supported HQ, or receiving new tasking if the L&R Unit and 
TUAV HQ are operating from separate locations. This factor is linked to the more 
general topographic factors noted above. 
 
It is anticipated that these operational factors would be utilised by a TUAV Unit Commander 
to reject some areas deemed suitable from the initial terrain analysis. As an example of access, 
an area that is large and flat but the L&R unit can only reach it by heavy rotary wing lift, is 
likely to be considered less suitable than a smaller, rougher area in close proximity to a major 
sealed road. Overall it is anticipated screening against the operational factors noted above 
would significantly reduce the number of potential L&R sites identified during the terrain 
analysis. 
 
The final consideration for the TUAV Commander is the types of Geographic Information 
Systems (GIS) resources likely to be available to conduct an analysis of potential L&R sites in 
an operational area. Most modern armed forces, including the ADF, now have ruggedised, 
portable computing assets in the field enabling the use of greater automation in GIS analysis. 
At the most basic level these resources provide digital maps, in the form of scanned images of 
topographic maps, or imagery including aerial photos. Increasingly more sophisticated specific 
GIS tools are being made available in the field enabling rapid and highly automated terrain 
search options. The only drawback of these resources is the considerable amount of data they 
require to be employed effectively, although this data is becoming available in the field in 
increasing quantities. 
 
Given these factors and the requirements for fidelity noted in the test parameters below, the 
methodology developed encompassed a dual approach.  The primary method relies on 
sophisticated GIS tools to perform analysis on detailed GIS data.  The secondary method uses 
advanced image processing techniques allowing for analysis of aerial photography or other 
imagery. The issue of using hard-copy maps was not considered in this study as the nature of 
the medium precludes automation of the task. It would be possible however to encompass the 
paradigm of paper maps by scanning them into digital form. Specialist Topographic Survey 
units can be deployed on operations by the ADF and are capable of undertaking this task. 
 
Primary Method - GIS Processing Techniques 
 
As a demonstration of concept that L&R sites may be selected by software, a test analysis was 
performed in the ArcView 9 software package using digital elevation raster data and culture 
data (e.g. forest, grassland, roads) in the form of vector files.  This test analysis was performed 
using data for terrain around Dili, East Timor. 
 
The sites were selected based on the anticipated operational characteristics of a medium size 
TUAV.  This requires that the site: 
 
· Be at least 50m long by 10m wide, with a size no greater than 300m long by 100m 
wide. 
· The surface of the site have a slope of less than 5°. 
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· The surface itself, although it may be unprepared, must have a surface variation of less 
than 1 inch RMS. 
· The approach glideslope is less than 20° for a distance of 300m from the proposed site. 
· Vegetation surrounding the area must be less than 10m high. 
 
For the test analysis some of the criteria, such as slope, may be directly extracted from the data 
available.  However, suitability criteria such as surface roughness were not available for the 
test analysis data and could not be directly extracted.  Therefore, the following surfaces were 
considered suitable as “flat” surfaces: 
 
· Grassland 
· Trails, roads (sealed and unsealed) and tracks that are not within woodland, 
plantations, swamp, mangroves or built-up areas. 
 
There is a limitation in the selection of grassland as a “flat” surface as there is no way of 
determining from the available data if the grass consists of waist-high reeds, or a football field 
and as such, some of the sites considered “suitable” by the algorithm may not be.  This 
limitation simply implies that more precise GIS data is required than that available for the test 
analysis. Additionally, from an operational perspective the TUAV unit may well have the 
integral capability to clear sufficient long grass to allow for L&R operations. 
 
For trails, tracks and roads, there will at least be a semi-prepared surface, which may be 
suitable for TUAV operations.   In this case, the suitability of the surface depends heavily on 
the accuracy of the information and the surrounding track features.  For example, a track 
through rainforest would not be suitable as an L&R site, nor would a trail that has not been 
maintained and is in a state of disrepair.      
 
The algorithm developed searches for all sites with a slope of less than 5° and a “suitable” 
surface and excludes all sites not suitable for operations.  Since the elevation (and hence 
slope) data is arranged as a grid with 100m spacing, the output of the operation was also a grid 
with 100m resolution, despite the potential for the vector culture data to have precise 
positioning information. 
 
Consider the simulated output in Fig.1.  In this figure, a polygon feature containing a suitable 
“flat” surface (e.g. grassland) has been overlaid on slope data, with the darker shade of grey 
representing the steeper slope and the lighter shade of grey representing a slope of less than 5°.  
The area over which they intersect, shaded in blue, will be a candidate site.  However, because 
the spatial resolution of the slope data for the test analysis was limited (in this case, 100m x 
100m), the resolution of the output area is also limited. Higher fidelity elevation data may well 
allow the algorithm’s selection of L&R sites to be improved, however the characteristics of 
the Air Vehicle may also change. This will dictate the size of the potential L&R sites and 
therefore the level of slope data fidelity required. Overall this demonstrates that the fidelity of 
GIS data required is linked to the capabilities of the TUAV.  
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Fig. 1: Example output demonstrating the effect of coarse spatial resolution 
 
The remaining stages of the search assessed the suitability of each site based on its size 
characteristics.  Ideally, the algorithm would look for the largest rectangle with an aspect ratio 
suitable for a runway within each of candidate sites and reject those that are too small for 
operations.   However, there is no operation in the test tool, ArcView, to perform such an 
assessment directly and instead it has been approximated by using area as the size metric.   For 
the test dataset, such an approximation is acceptable as a single output raster cell (100m x 
100m) is sufficient for L&R operations.   Because of the additional constraint of a maximum 
size, the algorithm filtered out all sites which were less than 500m2, and greater than 
30,000m2.  It should also be noted that for Level 2 Digital Terrain Elevation Data (DTED), the 
special resolution is 30m and thus only minor extensions to the size algorithm would be 
required. 
 
Final site selection takes into account the slope of the surrounding terrain.  For a standard 
conventional landing, the Air Vehicle is assessed as tolerating a glideslope of up to 20°.  The 
aircraft may also use a parafoil descent with an angle of 50°, but this has not been considered 
in the analysis. 
 
For the final approach, it was assumed that the aircraft would need 300m clearance around the 
landing site where the slope of the terrain is less than 20°.  Therefore, the site selection 
algorithm selected only the areas that were surrounded by slope of magnitude less than 20°.  
There are several limitations in taking this approach using ArcView, one of which is that the 
program considers only the magnitude of the gradient.   The consequence of this is that the 
program will reject sites at the top of a knoll with a slope of 20° or more on one side, even 
though such a slope will not affect the glidepath of the aircraft.   This has been illustrated in 
Fig. 2.  The process will reject both sites depicted, even though the downhill slope does not 
affect the descent approach and may even offer tactical advantages such as LOS.  Future work 
will take into account a more thorough analysis of the surrounding terrain. 
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Fig. 2: Illustration of slope gradient limitation 
 
Many of the limitations discussed and constraints are as a result of the resolution of the data 
and the constraints of the program used for analysis.  The resolution issue is easily overcome 
given the availability of better data.   One way of achieving this would be using the work in 
[1], as discussed below, which aims to automatically classify culture data from vision data or 
imagery.   The constraints of the program issue could be overcome by development of custom 
libraries for ArcView, using another GIS tool, or by processing data in a custom-developed 
user application.  
 
Secondary Method  – Advanced Image Processing Techniques 
 
The secondary method considered relies on advanced image processing techniques. To this 
point, the work has focussed on research related to forced landings for UAVs [1]. This has 
used a number of image processing techniques to locate “safe” landing sites for the UAV 
forced landing problem. These techniques however, are directly applicable for this operational 
problem. This can either add redundancy, verify results obtained from the primary method 
algorithms, or be used as a stand alone process if the GIS tools and associated accurate 
mapping data are unavailable. 
 
This approach uses four phases in the forced landing site selection algorithm. The first and 
second phases locate areas that are large enough to land in and that are free of obstacles. These 
phases use canny edge detection, line expansion algorithms and a number of landing site 
masks.  
 
The third phase is concerned with the classification of the candidate landing sites located from 
the first two phases. A neural network approach is used for this classification stage. The fourth 
stage was aimed at assessing a number of factors, including surroundings and moving objects. 
This final stage incorporates operational factors, similar to those described above, in assessing 
a number of different elements to choose the most appropriate landing sites. 
 
Fig. 3 below highlights candidate L&R sites based purely on low quality image data.  The 
results from multiple tests of the classifier show more than 97% of the terrain being correctly 
classified.   For a more through explanation of the process, the reader is referred to [1]. 
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Fig. 3: Selected “Safe” Landing Sites 
 
Study Test Results (To Date) 
 
The scenario utilized to test the capability was based on an examination of the area around 
Dili in East Timor. This is mountainous terrain that is heavily vegetated in parts and has a 
limited road infrastructure. The operational situation envisaged Dili, having been recently 
secured, and TUAV assets having to move to L&R sites outside the main airfield to support 
ongoing ADF operations to secure areas further inland and closer to the border with West 
Timor. The threat in the scenario is considered relatively low and as such greater emphasis has 
been placed on identifying suitable terrain for L&R sites that also have adequate access to 
roads or tracks for TUAV Unit positioning and resupply. The test parameters for the L&R 
sites noted in the Preliminary GIS Analysis paragraph above have been applied to this 
problem.  
 
The analysis of the Dili dataset using the primary method showed a total of 14500 candidate 
areas that matched the slope criteria of less than 5°.  Of these, it was found that 1172 sites 
were grassland, 207 were on roads suitable for heavy vehicles and a further 455 on tracks or 
trails in suitable vegetation surroundings.  When the size of the site was taken into account, 
914 grassland sites remained, and 452 roads, tracks and trails.  Once the surrounding slope 
criterion of 20° was used, 52 possible sites remained.  Of these, 22 were selected in grassland 
and the remainder as roads, trails or tracks in suitable terrain.  Many of the sites selected by 
the process were within close proximity of each other (in the order of low hundreds of 
metres), reducing the number of areas for physical reconnaissance to 36, of which 15 lay in 
grassland and the remaining 21 along tracks or roads. Fig, 4 below shows the number of 
suitable sites as new criteria are added to the method. In effect this automated methodology 
Multiple 
Landing Sites 
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negates the need for a TUAV Unit commander to manually assess suitable sites by 
qualitatively judging contour lines and features on a topographic map. 
 
Sites Matching Criteria
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Fig. 4: Sites Matching Criteria By Type 
 
In Fig, 5, suitable grassland sites (depicted in purple) and suitable road and trail sites (depicted 
in red) have been overlaid on a slope map of the Dili area.  The slope has been quantized as 
shown in the legend at the right of the figure. The large, flat extent dominating the figure is 
ocean. The figure also depicts the roads, tracks and trails throughout the area. 
 
 
 
Fig. 5: Selected sites over the Dili dataset 
 
In Fig. 6, the same information as Fig. 5 has been displayed, except tracks and trails not 
suitable for heavy vehicles have been removed from view.  This information is valuable to an 
AIAC Paper WC0089 
Page 10 
operational commander as it allows rapid assessment of which sites are close to developed 
roads, allowing for rapid re-supply. 
 
 
 
Fig. 6: Selected sites in the Dili dataset, not showing trails and tracks 
 
Fig. 7 shows the layout of the culture data for the East Timor region. The lightest green (as 
shown in the centre of the north-eastern island) depicts grasslands, with darker shades 
representing progressively thicker and taller vegetation.  Cleared areas are shown as beige and 
built up areas are shown in grey with waterways and ocean shown as blue.  The selected sites 
are shown with the same symbols as Figs. 5 and 6.  Without this level of GIS data, culture 
information would need to be gathered by the secondary method image processing techniques. 
Potentially it could be gathered manually from hard-copy maps and used to annotate an 
existing GIS database, however this would be a laborious and time consuming process.  
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Fig. 7: Culture data for the Dili Region 
 
As was previously discussed, the intent for the test scenario was to conduct operations away 
from the main airport, located in Dili near the Brigade unit symbol (X on top) below, in order 
to provide more responsive support to deployed combat units. This requires the TUAV unit 
commander to take into account the additional consideration of proximity to supported units, 
in addition to the terrain and access parameters already noted above. A number of example 
Blue force combat units requiring support for the operational test analysis are depicted with 
Military Symbols in Fig. 8 below. 
 
Fig. 8: “Blue Force” friendly unit locations in the East Timor region 
 
In order to assist the commander’s decision, the landing sites in Fig 6. are ranked using an 
analysis that calculates the sum of the distance to each of the units to which TUAV support 
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may be provided. Although the decision metric is in meters, the final ranking is on a scale of 
1-10, with 1 being the group of sites with the minimum distance to all blue force units.   The 
highly ranked sites are highlighted blue in Fig. 9, with the remaining sites coloured as in Fig. 5 
and 6. The supported Blue force units are also shown as green stars. 
 
 
Fig. 9: Candidate sites (blue) which minimise the distance to all Blue Force units (green 
stars) 
 
The result of the Blue Force unit support analysis is three groups of sites, all with the total 
sum of the distance to all supported units less than 150km.    The final decision on which set 
of potential L&R sites are most appropriate for physical reconnaissance may depend on which 
units are considered more likely to require TUAV support, as well as the factors already 
examined such as accessibility and re-supply.  
 
Future Work 
 
Currently, the developed algorithm is capable of finding possible operations sites on the basis 
of their geographic properties and proximity to supported units.  Access and proximity to 
resupply are also dealt with by correlating results to known road and track systems. Other 
factors such as defensibility and LOS to supported units were not dealt with in this test case 
analysis, however it is anticipated that the incorporation of these elements will be achievable 
given further work. Additionally the algorithm obviously requires extensive data about the 
terrain and culture and while the test case analysis data was sufficient to demonstrate the 
system, the incorporation of higher quality data is a planned area of future work. 
 
One of the first refinements that will be worked on is the development of a more sophisticated 
tool for evaluating the shape of the potential runway sites, such as calculating the largest 
rectangle of a certain aspect ratio that will fit inside a given polygon. 
 
A more sophisticated analysis is also needed to assess the surroundings of the candidate L&R 
sites. Currently, no consideration is given to the direction of the slope and consequently, the 
Primary Method will reject sites on a knoll which does not affect the glideslope of the aircraft.   
AIAC Paper WC0089 
Page 13 
This approach will need to take into account the difference in elevation levels around the 
proposed L&R site. 
 
It is also desirable for the automatic site selection algorithm to not only find possible sites, but 
to rank order the sites on the basis of operational needs.   Such an approach would require the 
use of an artificial intelligence algorithm such as a neural network or fuzzy logic. 
 
Conclusions 
 
This paper has shown that the automation of site selection for TUAV L&R sites is an 
achievable goal and can considerably benefit TUAV operational commanders. By extending 
and further developing the foundation work conducted under the auspices of this paper a 
realistic and useful capability can potentially be developed. As the ADF looks to procure its 
first significant TUAV capability and deploy it on operations a fully developed capability such 
as this could be of considerable utility and save the commander on the ground significant time 
and resources.  
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